Theory of Measurements
POLDER is an optical sensor designed to observe the surface reflectance in visible and near-infrared bands. The main characteristic of the POLDER instrument is that it can observe an area from multiple directions. POLDER has a wide field-of-view (FOV) lens with -1-51 o along-track and + 43°cross-track viewing, and a charge-coupled device (CCD) array detector to collect images. Two principles of operation should be distinguished during the BOREAS experiment. When POLDER was mounted on the helicopter, the purpose was to collect data over the target at a low altitude, typically 300 m. One image acquired directly over a homogeneous surface provides the BRDF of the experimental site. From the National Aeronautics and Space Administration's (NASA) Ames Research Center (ARC) C-130 aircraft, at high altitude, typically 5500 m, the surface cannot be considered homogeneous.
POLDER's capacity to observe an area from various view angles allows for measurement of the complete BRDF with the successive images acquired along different flight axes over the experimental site.
Equipment

Sensor/Instrument Description
Collection Environment
It is mandatory to operate POLDER in totally clear sky conditions, so that the distribution of irradiance does not change from one measurement to another, and so that calculation of reflectances in absolute units from radiances is possible.
Source/Platform
During IFC-1 and IFC-2, the POLDER instrument was installed alternatively on the NASA ARC C-130 aircraft or the NASA Wallops Flight Facility (WFF) helicopter. The POLDER instrument was deployed on the C-130 only in the SSA. The data described in this document were collected from the C-130 platform.
Mission Objectives The POLDER mission objective was to collect multiangle and multispectral bidirectional reflectance data over flux tower and auxiliary sites to study the boreal forest canopy.
Key Variables
POLDER measures multispectral radiance in the visible and near infrared domain as a function of solar and view geometry.
Principles of Operation
The POLDER optical system consists of a telecentric lens, a filter wheel, and a CCD array as a detector. The light is almost vertically incident on the filter wheel after passing the telecentric lens. The CCD array (288 x 384 elements) can collect 2-D images. The filter wheel contains 10 slots for spectral filters and polarizers. The first channel is reserved for dark current measurement, while the others allow measurements in five spectral bands (443,550, 670, 864, and 910 nm) . Two spectral bands (443 and 864 nm) are associated with three polarized filters oriented by steps of 60°. A 10-channel image, corresponding to the 10 positions of the filter wheel, is collected within 3 seconds, and this acquisition is repeated every 10 seconds. The POLDER optical system was installed in the forward bay of the C-130. Aircraft position and attitude parameters provided by the onboard navigation system were recorded by the POLDER electronics subsystem for data postprocessing.
Typical flight altitude was 5500 m. Different flight lines were flown on each site to collect images in the principal, perpendicular, and 45°solar planes.
4.1.6 Sensor/Instrument Measurement Geometry The long axis of the CCD array was set parallel to the aircraft longitudinal axis. An inclinometer was used to record the initial bias between the optical axis and true nadir. (11-May-1994 , 24-Oct-1994 : 8% in the blue (443 nm), 3.5% in the green (550 nm) and in the red (670 nm), 5.5% for the 864-nm channel, and 5% for the 910-nm channel. For subsequent processing, mean coefficients obtained at LOA are used.
Frequency of Calibration
The instrument is generally calibrated once before an experimental campaign and once after the campaign. Calibration was performed at LOA on 11 - May-1994 and 24-Oct-1994 . Onsite calibration was performed on 27-May-1994 and 21-Jul-1994.
Other Calibration Information
Having the spectral radiance at the outport of the sphere or the hemisphere and knowing the sensitivity of the various filters and the spectral value of the solar exoatmospheric irradiance, the normalized radiance is computed using:
where:
L : spectral radiance (W/m2/sr/pm) as a function of wavelength (_ i) S : spectral sensitivity as a function of wavelength E : spectral exoatmospheric solar irradiance (W/mZ/pm) as a function of wavelength
The normalized radiance is used (see Section 9.2.1 ) to derive the absolute calibration coefficient A ka.
Data Acquisition Methods
For the C-130 data, the onboard navigation system gives information on the viewing geometry of each pixei. Therefore, the location and attitude data yield an approximate position of a given surface target in all POLDER images. There is a time lag of 10 seconds between each image acquisition sequence. For a typical C-130 flight altitude and speed, an angular resolution of approximately 10 degrees is obtained. 
Spatial
Resolution The pixel size for POLDER images from the C-130 at an altitude of 5500 m is 35 m.
7.L4
Projection Not applicable.
Grid Description
Not applicable. 6, 47.1, 349.6, 12.0, 5.0, 'CPI', 443 33.6, 40.8, 348.6, 11.0, 5.2, 'CPI', 443 33.6, 33.7, 346.9, 11.0, 5.5, 'CPI', 443 33.6, 25.0, 342.5, 10.0, 4.7, 'CPI', 443 33.6, 15.1, 333.3, 8.0, 3.9 , 'CPI',
Temporal Characteristics
Data Organization
Data Granularity
The smallest amount of data that can be ordered from this data set is a day's worth of data for a given site.
Data Format(s)
The Compact The raw radiometric data are digital numbers noted CNij ka, where i, j are indices of pixel location on the CCD matrix, k is the wavelength, and a is the polarizer number for spectral bands comprising three polarizers. For the other spectral bands, a is meaningless.
The processing from level 0 to level 1 data consists of the transformation of raw data into data proportional to normalized radiances Sijka, according to the equation: t "-where: to --reference exposure time, used in calibration : 100 ms t --exposure time during operation CNj0 --average of line j of dark current Aka --calibration coefficient g ijka --relative sensitivity (high and low frequency) of instrumental (optics + CCD) transmission.
It is normalized such that the local average of gij ka at the matrix center equals 1. f3k --sensitivity of absolute calibration to CCD temperature To --CCD temperature during calibration T --CCD temperature in operation
Si j ka--is a digital number proportional to the observed normalized radiance (for the channels without polarizers)
= 10000
L>ij k __ observed radiance (W/m2/sr/pm) for pixel i, j in band k Ek --exoatmospheric solar irradiance in band k (W/m2/pm)
For polarized bands, the aircraft displacement between successive channel acquisition must be taken into account to obtain a normalized spectral radiance from the three polarized channels
3 riley
where (x,y) are surface coordinates that refer to CCD pixels coordinates (i,j) in each of the polarized channels viewing the same ground point (x,y). The level 1 images provide data that for each band are equal to the right-hand side of the two previous equations. They are essentially normalized radiances.
BRDF Over Tower Sites
Radiance to Reflectance:
The radiance is converted to reflectance Rijkaccording to where Os is the solar zenith angle.
Image Coregistration
(for C-130 data): The POLDER electronics subsystem recorded the aircraft position and attitude parameters during the flights. The initial bias between the inertial reference system and the POLDER optical axis was measured before each flight. Attitude and location data should be sufficient to correct POLDER images for geometry. However, the uncertainty in the aircraft position was too large. A ground control point technique was therefore used to fine-tune the geometric multi-image registration of the whole set. To derive the BRDF over tower sites, a simple translation was made on geocoded images. The reflectance measurements were then averaged on a 5 x 5 pixel window (175 x 175 m2) around each tower site to minimize residual misregistration effects.
Atmospheric corrections:
The atmospheric correction algorithm, the Second Simulation of the Satellite Signal in the Solar Spectrum (6S) (Vermote et al., 1997) 
Calculations
Special
Corrections/Adjustments None.
Calculated
Variables Radiance and reflectance were calculated.
Graphs
and Plots None.
Errors
10.1 Sources of Error For images and BRDF data, there is some uncertainty in the absolute calibration coefficient, as illustrated by the calibration tables shown above. For the BRDF data, an additional source of error results from image registration.
In the processing, it is assumed that the position of the site is the same for all images of the sequence, which can induce a error in the location of less than 1 pixel. These errors are lessened with the spatial averaging procedure. The smoothing aspect of the BRDF data tends to show that the misregistration errors are not critical.
14. Software 14.1 Software Description None given.
Software Access
Raw data and processing software may be available upon request. See Section 2.3.
Data Access
The POLDER C-130 measurements of surface BRDF are available from the Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC). 
Contact
Data Center Status/Plans
The ORNL DAAC is the primary source for BOREAS field measurement, image, GIS, and hardcopy data products. The BOREAS CD-ROM and data referenced or listed in inventories on the CD-ROM are available from the ORNL DAAC.
Output
Products and Availability
Tape Products
None.
Film Products
Other Products
These data are available on the BOREAS CD-ROM series.
Archive/DBMS
Usage Documentation None.
None. 
